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Growth is frequently impaired in infants and chil-
dren with renal disease although the factors in-
volved have not been clearly defined. There are
several possible explanations, and these have been
reviewed elsewhere and in this issue [1—3]. One ex-
planation currently receiving much attention is that
growth failure is the direct result of inadequate en-
ergy intakes [1, 4—9]. This raises the question of
whether dietary energy supplementation would
benefit the growth of children with renal disease.
Uremic children are in some ways similar to chil-
dren who are malnourished. Uremic children are
frequently growth retarded and may also be wasted
[5, 10]; in both conditions, similar metabolic abnor-
malities and changes in body composition can be
identified [1, 11]. In Jamaica, we have had many
years of experience in treating severely malnour-
ished children, and dietary energy supplementation
has been a major factor in our success. If the analo-
gy between growth failure in renal disease and mal-
nutrition is correct, our studies of growth and ener-
gy balance in severe malnutrition and our methods
of dietary treatment may be of relevance to nephrol-
ogists.
Dietary treatment of children with malnutrition
Our primary objective is to restore wasted tis-
sues; we are less concerned with stunting, as this
can be corrected only over a long period of time and
must, of necessity, take place outside the hospital
setting. Years ago, malnourished children were
treated with high-protein diets. Intakes as high as 7
g of protein/kg of body wt per day were advocated
[12], because it was believed that malnutrition was
essentially a protein deficiency disease. Opinion has
changed, however, and it is now generally accepted
that malnutrition is the consequence of diets
deficient in both protein and energy, hence the
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change in terminology to "protein-energy malnutri-
tion."
In 1961, Waterlow [13] demonstrated that the
rates of weight gain of malnourished children de-
pended much more on their energy intakes than on
their protein intakes. This has been confirmed in
subsequent studies in our own Unit [14, 15] as well
as in other countries [16—19]. In fact, an almost lin-
ear relationship exists between rates of weight gain
and energy intake over the range of 100 to 250 kcal/
kg/day [14, 15].
In the acutely ill child, dilute milk feeds are first
introduced, together with potassium, magnesium,
iron, and vitamin supplements. By the seventh day,
we aim to provide 3.0 g of protein/kg/day and at
least 160 kcal/kg/day. With this regimen, rates of
weight gain are 10 to 20 g/kg/day, whereas normal
children of similar age (12 to 24 months) gain 1 g/kg/
day. In our patients, the key to success is to in-
crease the energy density of the diet, thereby avoid-
ing the problem of bulk or volume. Two such thera-
peutic milk-based diets are shown in Table 1. Vege-
table oil is usually used as the additional energy
source (formula 1) but carbohydrate can be an alter-
native (formula 2). The energy densities of the ther-
apeutic diets are approximately twice that of un-
modified milk, whereas the protein contents are
similar. Frequent feedings (four hourly, day and
night) also help to increase intakes. Volume is a cru-
cial obstacle in achieving rapid rates of weight gain;
in ad lib feeding studies, energy intakes are signifi-
cantly less when an unmodified milk diet is fed [20].
In our Unit, "humanized" or "adapted" milks,
such as Enfamil, Similac, and SMA, are not used
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Table 1. Comparison of two modified milk-based diets with
unmodified cow's milk (per liter)
Modified
Formula Formula
2
Unmodified
milk
Dried fullcream milka, g
Peanut oil, ml
Sugar,g
Corn starch,g
Energy,kca/
Protein,g
Protein : energy ratio,
g/lOOkcal
190 190
60 —
— 50
— 25
1350 1150
31 31
2.3 2.7
—
—
—
—
660
33
5.0
Pelargon® (Nestlé) is a proprietary preparation containing
57% carbohydrate, 17% fat, 16.5% protein.
for energy supplementation, as these would result
in a very low protein/energy ratio.
One area of concern has been whether the high
fat intakes with formula 1 (62% fat calories) might
elevate plasma lipids to undesirable concentrations.
However, even with prolonged feeding for 4 to 5
weeks, neither cholesterol nor triglyceride concen-
trations were outside the normal range (Table 2),
though triglyceride concentrations were elevated in
children given formula 2 containing carbohydrate
supplements.
Energy balance during recovery fro,n malnutrition
One may question why such high energy intakes
are necessary. Since energy intake must equal ener-
gy expenditure, the latter can serve as a useful start-
ing point. Energy expenditure can be subdivided in-
to three components: maintenance requirement,
physical activity, and growth.
Maintenance requirement. To maintain energy
balance, energy in excess of basal metabolism is re-
quired. This is due partly to the thermic effect of
food (specific dynamic action) and partly because a
certain minimum amount of movement occurs. In a
number of animal species, including man, the main-
tenance requirement is approximately 1.5 times the
basal metabolic rate [21]. This also holds true for
our children during recovery.
Basal metabolism is rarely ever measured in in-
fants and young children since by definition this re-
quires a 12- to 18-hr fast. For over 50 yr, there have
been numerous conflicting reports as to whether
basal metabolism in malnourished children is de-
creased, increased, or unchanged [221. These dis-
crepancies have arisen primarily because of dif-
fering interpretations of malnutrition, difficulties in
finding a suitable reference measurement, and fail-
ure to adhere to the definition of basal metabolism.
Indeed, some investigators specifically fed their in-
fants shortly before measurements were made.
There is now good evidence from recent stUdies
that metabolism is indeed reduced in malnourished
children regardless of how the results are expressed
[23, 24]. When rapid growth begins, however, meta-
bolic rates are increased above control values [23,
251. Of theoretical interest is the highly significant
correlation between postprandial metabolic rate
and growth rate in our children (Fig. 1). We believe
that the increase in postprandial metabolic rate rep-
resents the energy cost of tissue synthesis [25, 26].
In renal disease uncomplicated by infection, if en-
ergy intakes are severely restricted for long periods,
a reduction in basal metabolism could be expected
as an energy-conserving adaptive mechanism, in
addition to a reduction due to the lack of metabolic-
ally active kidneys.
Physical activity. Malnourished children are
characteristically listless and apathetic. Reduced
physical activity has been noted also among uremic
children [5j. A reduction in physical activity is one
of the first adaptations to occur in response to re-
duced dietary intake. This is well documented in
adults [27] although in children little quantitative
information exists.
An interesting Ugandan study of children aged
from 18 months to 3 yr has shown that although the
children were growing normally, their energy in-
takes were only 70% of the recommended dietary
allowance (RDA) [281. They spent significantly less
time, however, in activities demanding a relatively
high level of energy expenditure when compared
Table 2. Serum triglyceride and cholesterol concentrations in
children fed high-energy diets with added vegetable oil
(formula 1) or added carbohydrate (formula 2) compared with
healthy Jamaican children of similar age receiving a mixed diet
(mean value SEM)a
Serum
triglyceride
mg/IOUml
Serum
cholesterol
mug/IOU ml
Initial 100 10 117 5
After 4 to 6 weeks
Formula I
Modified with peanut oil
Modified with coconut oil
Formula2
52 8
62 6
92 8
129 II
140 10
—
Healthy controls 65 7 179 19
a Data from Seakins (personal communication).
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with children whose intakes were adequate. It
would thus appear that in these healthy children,
growth continued normally with energy intakes of
only 70% of those recommended, but energy bal-
ance was achieved by a compensatory reduction in
physical activity. These results are particularly in-
teresting in view of the studies by Simmons et al [4]
and Betts and Magrath [61 who conclude that im-
pairment of growth in children with renal disease
begins when energy intakes fall below 70 to 80% of
the RDA.
Growth. In several studies we attempted to esti-
mate the energy cost of weight gain. The first esti-
mates were derived from regression analysis of
weight gain against energy intake during recovery,
and values of 10 to 12.8 kcal/g of weight gain were
obtained [13, 14]. These values probably over-
estimate the energy cost of growth, since our most
recent value is approximately 5 kcal/g [29]. The
main differences in the latest study were that the
actual energy contents of the milk feeds were deter-
mined by bomb calorimetry and fecal energy losses
were measured. Actual energy intakes were 16% less
than the values estimated in the earlier study.
Table 3 compares rates of weight gain at different
levels of energy intake which, in our experience,
can be expected for a 1-yr-old malnourished child.
The calculations assume an energy cost of 5 kcal/g
of weight gain. It can be seen that energy supple-
mentation of milk-based diets has a profound effect
on the rate of weight gain, and hence on the rate of
recovery.
Restoring height deficit
As mentioned, to expect to correct a height defi-
cit in the hospital is unrealistic. Our children usually
return home when their weight deficit has been cor-
rected and their weight is normal for their height.
Our experience has been that little change in height
occurs in the hospital during the period of energy
supplementation. This may be due to the fact that
skeletal growth occurs more slowly than tissue
growth. There does appear, however, to be a spurt
in height growth in the month immediately after dis-
charge, as shown in Fig. 2 [30], although there is no
further catch-up in the ensuing :18 months. Richard-
son [31], comparing heights at varying periods after
discharge, has shown that considerable catch-up in
height can occur between 7 and 11 yr of age. It must
be borne in mind that our children return to condi-
tions of extreme poverty. That the home environ-
ment is important has been demonstrated in Peru
[32] where malnourished children transferred to fa-
vorable homes made dramatic gains in height, in
contrast to those who returned to their original en-
vironment.
Appetite in malnutrition
Anorexia is sometimes encountered in malnour-
ished children on admission to the hospital, but
this soon disappears and the children eat greedily.
This is in marked contrast to children with renal dis-
ease and to uremic experimental animals where
anorexia seems to persist [4, 6--9].
Energy intake
kcal/kglday
Surplus
for growth
kcal/kg/day
Weight gain
gI&glday
Compared
with
normal rate
85 (maintenance) none none none
90 5 1 normal
135 50 10 10 )< normal
185 100 20 20 x normal
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Fig. 1. Relationship between posrprandial increase in metabolic
rate (MR) and growth rate (r = +0.90, P <0.001). (Data from
Brooke and Ashworth [25].)
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Table 3. Rates of weight gain at different levels of energy intakeC
assuming an energy cost of weight gain = 5 kcal/g
Calculated from the data of Spady et at [29].
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Fig. 2. Comparison of deficits in height (.—.—') and weight-
for-height (o--oo) in 29 children. The points in sequence are:
on admission, on discharge, and 1 month, 6 months, 12 months,
and 18 months after discharge. (Data from Ashworth [301.)
Growth retardation has been reported to be simi-
lar in weanling uremic rats and pair-fed, sham-oper-
ated controls [8], but in two studies of longer dura-
tion with slightly older rats, this similarity has not
been confirmed [33]. To counteract anorexia, ure-
mic piglets have been tube-fed ad lib [9]. Gains in
length and weight were similar for 7 days, but short-
ly afterwards all the uremic piglets died. It can be
argued that by force-feeding milk, the piglets were
confronted with more protein and more solute than
their kidneys could manage. Whether energy sup-
plementation alone might be the answer to this
problem should now be tested. Adelman and Hol-
liday [34] do not mention any ill effects from tube-
feeding corn oil to uremic rats for 18 days.
Betts and Magrath [6] urge that particular atten-
tion be given to the detection of renal insufficiency
in infants so that growth retardation can be pre-
vented. In our experience with malnourished chil-
dren, the addition of vegetable oil to proprietary in-
fant milks has been of great benefit. It is also simple
and cheap. Similar modification for infants with re-
nal insufficiency may also prove beneficial. For
older children, to provide energy-dense diets which
are varied and sufficiently appetizing to be con-
sumed for prolonged periods requires greater skill
and imagination but is surely not impossible.
Summary
If an analogy between growth failure in renal dis-
ease and chronic malnutrition exists, experience in
the dietary management of severely malnourished
children may be of relevance. For children with
chronic malnutrition, the energy cost of weight gain
is approximately 5 kcal/g, and the maintenance en-
ergy requirement is close to 1 .5 times the basal
: metabolic rate. Infants fed proprietary formulas
with vegetable oil added in order to increase energy
density have increased their total energy intake.
This increase has been of immense benefit in reha-
bilitating malnourished children and has resulted in
rapid rates of weight gain.
Reprint requests to Dr. A. Ashworth, London School of Hy-
giene and Tropical Medicine, Keppel Street (Gower St.), Lon-
don, WCJE 7HT, England.
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